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Is there an immune response to cancer? 

If cancer = self, how?

Can it be a therapy?



1893

Infection as a way 
to fight cancer 
(William Coley)

1957

The immune system 
can see and destroy 

abnormal cells 
(Thomas & Burnet)

1959

BCG (TB vaccine) 
triggers immune 
response against 

tumors in mice 
(Old & Clarke)

1982

Melanoma cells express 
proteins not present in 

healthy cells (Houghton) 

1997

Discovery of NY-
ESO-1, a potent 
tumor antigen 

(Old et al.) 

2002

Discovery of key factor in 
regulatory T cell 

development & function 
(Rudensky) 

2003
2011

First immune checkpoint 
inhibitor FDA approved 

(Allison; Wolchok) 

2014/2015

Building on MSK’s Legacy of Innovation in ImmunotherapyMSK’s Legacy in Immuno-Oncology

Immune checkpoint inhibitor 
response linked to 

tumor mutation burden 
(Diaz, Chan, Wolchok) 

2017

First CAR T cell 
therapy  

FDA approved 

1975

Tumor necrosis factor 
(TNF) discovered 

(Old, Carswell, et al.)

Development of  
CAR T cell therapy  
(Sadelain, Riviere)
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2010 2025

Immune Therapy
Living, adapting drug  
“Lifelong” protection

Current immune therapies  
             - Effective in ~20% of cancer 

What next?

T cell

Cancer 

Neoantigens



Building on MSK’s Legacy of Innovation in ImmunotherapyFew mutations = immunotherapy impossible?

Yarchoan, NEJM, 2017



Cold tumor 

Directly targeting T cells not effective

Less activated T cells

Dendritic cell

CD8+ T cell

PDAC

Few T cells 

Few neoantigens (~ 35/tumor)

~ 0% RR to checkpoint blockade

~ 80% of cancers

Cold tumor 

Directly targeting T cells not effective

Less activated T cells

Dendritic cell

CD8+ T cell

Cold
Immunotherapy  

Insensitive

Immunologically Invisible?

High unmet need: Second deadliest cancer, ~10% survival

Pancreatic Ductal Adenocarcinoma (PDAC)

How do they do it?
How can we replicate it?



Pancreatic cancer
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4. Amplify with innate immunity Moral, Nature, 2020
Dendritic cell

“Engineerable”
Amisaki, Nature, 20255. Via lymphoneogenesis 

3. Select neoantigens by quality Luksza, Nature, 2022

2. CD8+ T cells target  
    somatic passenger neoantigens

Balachandran, Nature, 2017

1. ~12x more CD8+ T cells

6. Deliver neoantigens with RNA 
    Make +++ CD8 T cells 
    Phenocopy survivor state 

Rojas, Sethna, Nature, 2023

7. T cells = +++ longevity, function Sethna, Guasp, Nature, 2025

Natural T cell Immunity

HOT

Discovery to Development of 2 New Immunotherapies for PDAC

First PDAC RNA VaccineFirst-in-class Recombinant Cytokine

~50 neoantigen vaccine trials in solid tumors worldwide

PDAC - Survivors to Solutions 



What is different?
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Median 6 yrs
n=82
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<0.0001P 

Years

Long-term survivors (9%, > 5 years)Short-term survivors (91%, < 5 years)

Is there Natural Immunity in Long-Term PDAC Survivors?

Balachandran, Nature, 2017



Pancreatic cancer

IL33

ILC2
αPD-1

Dendritic cell

CD8+ T cell

αPD-1

PD-1

PD-1

ILC

Nature.2017
Supporting work

Short Term Long Term 

100uM 100uM

CD3

CD8

Long-term survivors (9%, > 5 years)Short-term survivors (91%, < 5 years)

NOT explained by unique treatment, pathology, genetics
Short Term Long Term 

100uM 100uM

But to replicate….what are the antigens?

Is there Natural Immunity in Long-Term PDAC Survivors?

Balachandran, Nature, 2017



Neoantigens

No response

Prime de novo

Amplify pre-existing

Prime de novo
Amplify pre-existing

More immunogenic

Non immunogenic
Less immunogenic

• ~ 10-30% bind MHC-I
Nonsynonymous Mutations

• Largely passenger 
• MHC-I: 75% SNVs, 25% indels

• Immunodominance
• <10% are immunogenic

Neoantigens



a Neoantigen Quality Model
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Wild type

Balachandran, Nature, 2017
Luksza, Nature, 2017
Luksza, Nature, 2022

How Similar?How Dissimilar?

The Neoantigen Quality Model

Luksza Greenbaum
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a Neoantigen Quality Model
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Wild type
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Mutated AA 
Size 
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How Similar?How Dissimilar?

The Neoantigen Quality Model

Luksza Greenbaum

Antigenic Distance

Figure 3
ba Neoantigen Quality Model
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Model pWT - TCR pairs 
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ba Neoantigen Quality Model
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Long-term survivors (9%, > 5 years)
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Does the Immune Response Persist?

Balachandran, Nature, 2017

Natural Immunity Persists a Decade Later in PDAC Survivors
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More Evidence of Natural Immunity in PDAC Survivors
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To Phenocopy Identify Neoantigens

Needs 
Individualization

Phase I trial of adjuvant autogene cevumeran, an individualized mRNA
neoantigen vaccine, for pancreatic ductal adenocarcinoma

P r e s e n t e d  a t t h e A S C O  A n n u a l  M e e t i n g ,  J u n e 3 – 7 , 2 0 2 2 ,  C h i c a g o ,  I L ,  U S A  a n d o n l i n e

• 3rd highest cause of cancer death in the USA
• All therapies

– ~90% of patients die within 5 years
– <5% respond to immunotherapies

• Immunotherapy resistant:
– Immunologically cold tumor

– Low mutation burden    presumed few mutation-derived neoantigens

Why pancreatic ductal adenocarcinoma (PDAC)?
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Week 0 6 9

Atezolizumab
1 dose

Surgery

Custom manufacture autogene cevumeran

Autogene cevumeran mFOLFIRINOX

21

Priming doses 1–8

Follow-up

12 q2w cycles

4317 46

Booster
dose 9

Investigator-initiated
single-center phase I
Target accrual: 20 patients

Eligible patients with PDAC:
• All surgically resectable

- No borderline resectable
-  No locally advanced/metastatic
- No neoadjuvant therapy

Primary endpoint: Safety

Other endpoints:
• Immunogenicity
• Feasibility
• 18-month recurrence-free survival (RFS)

Custom manufacture individualized mRNA vaccines
(autogene cevumeran)

• Up to 20 MHC-I- and MHC-II-restricted neoantigens
• 2 mRNA decatopes in lipoplex nanoparticles
• IV delivery
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Median follow-up: 18.0 months

34 screened and consented

2 excluded
• 2 did not meet inclusion criteria

4 removed before resection
• 3 withdrew consent
• 1 disease progression

9 removed before atezolizumab
• 6 advanced/metastatic disease
• 1 non-PDAC diagnosis
• 1 withdrew consent
• 1 manufacturing failure

(inadequate tissue sample)

3 removed before vaccine
• 1 disease progression
• 1 for other cancer treatment
• 1 insufficient neoepitopes

1 removed before mFOLFIRINOX
• 1 disease progression

28 resected on protocol

19 received atezolizumab

16 received vaccine

15 received mFOLFIRINOX

32 enrolled

Individualized mRNA neoantigen vaccines substantially and durably expand T cells that correlate with delayed recurrence

Why individualized? Why mRNA?6,7

Neoantigens

• Vary in immunogenicity

• Manufacture individualized mRNA vaccines

• Deliver neoantigens to force immunogenicity

PDAC
Most neoantigens: mRNA

mRNA

• Derive from tumor-specific passenger mutations
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KEY QUESTIONS:

• In PDAC, autogene cevumeran, an individualized
mRNA vaccine, is:
– Safe
– Feasible in clinically relevant time frames
– Highly immunogenic in 50% of patients

• Preliminary results suggest vaccine-induced
immunity      delayed recurrence

• A follow-up randomization trial is being developed

Poster No. 2516ClinicalTrials.gov NCT04161755

TAKE-HOME MESSAGES

Why neoantigen vaccines?
Contrary to previous assumptions, recent discoveries have revealed that
PDACs harbor mutation-derived neoantigens suitable for vaccines1,2
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Nearly all PDACs harbor neoantigen pools of varying immunogenicity

Can individualized mRNA vaccines spark de novo immunity in PDAC?

also

thus

1. Can individualized mRNA neoantigen vaccines stimulate neoant
2. Are individualized mRNA neoantigen vaccines safe and feasible in a clinically relevant time-frame?

BA
CK

GR
OU

ND

RE
SU

LT
SProposed dual mechanism of action3–5

Cap analog

Innate immune stimulation
Intrinsic TLR7/8 agonist

Antigen expression
Up to 20 neoantigens (2 decatopes)

Single-stranded mRNA

Evaluated in phase 1a/b in advanced solid tumors

Assay 2
T cell specificity to autogene cevumeran neoantigens by IFNγ ELISPOT

Responders 
(n=8)

Non-responders
(n=8)

Responders 
(n=8)

Non-responders
(n=8)

Responders 
(n=8)

Atezolizumab Autogene cevumeran mFOLFIRINOXSurgery

0 20 8040 60
Weeks after surgery

100

0.001

0.01

0.1
1

10
100

%
of

 a
llb

lo
od

 T
 c

el
ls

0 20 8040 60 100

Assay 1
T cell clonal expansion by TCRVβ sequencing

*

50%
(n=8)

50%
(n=8)

Immune responder
Immune non-responder

Autogene cevumeran
(individualized mRNA
neoantigen vaccine)

Responder = positive assay 1 and 2 *Patient treated in non-protocol-specified sequence *Patient treated in non-protocol-specified sequence0

5

10

15

20

Nu
m

be
ro

f n
eo

an
tig

en
s 

in
au

to
ge

ne
ce

vu
m

er
an

 Immunogenic

Non-immunogenic

No data

0 20 8040 60
Weeks after surgery

100

0

10

100

1000

IF
Nγ

sp
ot

s
x

10
6

ce
lls

*

0

3

6

9

12

-5

0
1

D
ifference

betw
een

m
eansBenchmark

Achieved
Difference

W
ee

ks
 a

fe
rs

ur
ge

ry

p=0.03

Autogene cevumeran (n=15)

Benchmark

Achieved
Difference

Atezolizumab (n=18)

Benchmark

Achieved
Difference

Autogene cevumeran (n=16)

-5

0
1

D
ifference

betw
een

m
eans0

3

6

9

12

D
os

es

0

3

6

9

12

-5

0
1

D
ifference

betw
een

m
eans

W
ee

ks
af

er
 s

ur
ge

ry 5

Time to treatment*

*Patients treated in protocol-specified sequence AE = adverse event
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Deliver Neoantigens

Can you phenocopy the survivor state?
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Strong, Specific, Functional, Durable T cells in Diseased Hosts

Ideal Combination

Pancreatic Cancer

Adjuvant RNA Neoantigen Vaccines

Cancer Vaccines: Next Promising Cancer Immunotherapy?


